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Abstract
7KHSXUSRVHRI WKLVSDSHU LV WR VXJJHVW WKHSRVVLELOLW\RI PRGDO VKLIW
E\GHYHORSLQJDPRELOHKDUERU 0+ZLWKDFRQWDLQHUFUDQHRQERDUGIRU
FRQWDLQHUWUDQVSRUW$VSHUWKHWHFKQLFDOVSHFL¿FDWLRQRI0+LWKDVaNQRWV
VSHHG7(8ODGHQFDSDFLW\PHWHUVGUDIWPHWHUV/2$PHWHUV
EUHDGWKPRYHVKDQGOLQJUDWHFDSDFLW\SHUKRXU:LWKWKLVVSHFL¿FDWLRQWKH
VWURQJSRLQWRI0+LVWRUHGXFHSRUWWLPHRIWKHPRWKHUVKLSE\LPSOHPHQWLQJ
DFURVVGRFNLQJKDQGOLQJV\VWHPDORQJVLGH WKHPRWKHUVKLSRUIHHGHUVKLS
)XUWKHUPRUHGXHWRWKHFUDQHRQERDUGWKHEHUWKLQJSODFHZLOOEHH[SDQGHG
LH0+LVDEOHWRDSSURDFKJHQHUDOFDUJRKDQGOLQJEHUWKZLWKRXWDGHGLFDWHG
TXD\FUDQH7KHSDSHUFRQFOXGHV WKDW0+PD\EHXVHGDVDXVHIXOPRGDO
VKLIWWRRO7KHWUDQVLWGLVWDQFHRIQDXWLFDOPLOHVLVDGHFLVLYHSRLQWWRZLQ
WKHURDGPRGHUHJDUGOHVVRIWKHVKLS¶VVSHHG,IWKHGLVWDQFHLVPRUHWKDQ
QDXWLFDOPLOHVPRELOHKDUERUKDVWKHFRPSHWLWLYHDGYDQWDJHLQSXOOLQJFDUJR
IURPURDGWUDQVSRUWDWLRQPRGH(YHQWKRXJKWKHUHVXOWRIDQDO\VLVVKRZVD
SRVLWLYHVLJQDOIRUPRGDOVKLIW WKHUHDOVLWXDWLRQGRHVQRWJRWKDWZD\7KDW
PHDQVPRGDOVKLIWKDVVHYHUDODWWULEXWHVDSSOLFDEOHWRWKHUHDOZRUOG
.H\ZRUGV0RELOH+DUERU(FRQRPLF$QDO\VLV0RGDO6KLIW
7KLVSDSHUZDVSUHVHQWHGDWWKH&RQIHUHQFHRI:&75-XO\WKaWKLQ/LVERQ3RUWXJDO
3URIHVVRURI7RQJP\RQJ8QLYHUVLW\LQ%XVDQ.RUHD(PDLOQNSDUN#WXDFNU
6HQLRU5HVHDUFKHURI3RUW	/RJLVWLFV,QVWLWXWLRQRI7RQJP\RQJ8QLYHUVLW\LQ%XVDQ.RUHD(PDLOFDOHEVXK#WXDFNU
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I. Introduction
7KHLQWHUHVWRIFRDVWDOVKLSSLQJ LQ6RXWK.RUHDKDV LQFUHDVHGGXH WR WKH
GHFODUDWLRQRI WKHJUHHQORJLVWLFVSROLF\E\.RUHD¶VJRYHUQPHQW LQ$XJXVW
7KHFRQFHQWUDWLRQWRURDGWUDQVSRUWDWLRQKDVUHDFKHGRIWRWDOWRQ
PLOHVZKHUHDVWKHSRUWLRQRIFRVWDOVKLSSLQJZDVDQGWKDWRIUDLOZDV
LQ$VDUHVXOWWKHSUREOHPVRIURDGFRQJHVWLRQRLOHQHUJ\FRQVXPSWLRQ
&2HPLVVLRQDQGURDGGDPDJHGULYHDQLQWHUHVWLQFRDVWDOVKLSSLQJ$FFRUGLQJ
WRD UHSRUWDERXW WKHHDVWFRDVWRI1RUWK$PHULFD WKHFULWHULDRIDPRGDO
VKLIWIURPURDGWRVHDWUDQVSRUWDWLRQDUHVXJJHVWHGDVVHUYLFHVRSWLRQVWUDQVLW
WLPHVHUYLFHFRVWGRFXPHQWDWLRQDQGIUHTXHQF\RIVHUYLFHDQGUHOLDELOLW\RI
WUDQVSRUWDWLRQVHUYLFH$VDUHVXOWRIUHVHDUFKFRDVWDOVHDLVSHUFHLYHGWREH
UHOLDEOHE\VKLSSHUVEXWDPDMRULW\RIWKHPUHTXLUHDWLJKWGHOLYHU\ZLQGRZ
DQGVRWUDQVLW WLPHLV LPSRUWDQW5HJDUGLQJWKHGRFXPHQWDWLRQLVVXHZKLFK
FRXOGEHDNH\PRWLYDWRULQFKRRVLQJDPRGDORSWLRQ86VKLSSHUVZHUHTXLWH
FRQFHUQHGDERXWSXUFKDVLQJDVHUYLFHUHTXLULQJPXOWLSOHFDUULHUFRQWUDFWVRYHU
DVLQJOHFRQWUDFW7KHVLQJOHFRQWUDFWDUUDQJHPHQWJLYHVDJUHDWHUFKDQFHRI
VXFFHHGLQJ,QWKLVSDSHUWKHGRFXPHQWDWLRQIDFWRURIVKLSSHUVLVFRQVLGHUHG
QRWWREHDGHFLVLYHIDFWRUIRUFKRRVLQJDPRGDORSWLRQXQGHUWKHDVVXPSWLRQ
RISURYLGLQJKRPRJHQRXVVHUYLFH WRVKLSSHUV$V WKHELJJHVWDGYDQWDJHRI
WKHWUXFNPRGHLVIOH[LELOLW\RIGHSDUWXUHWLPHFRDVWDOVKLSSLQJKDVDZHDN
SRVLWLRQRYHUFRDVWDOVHDVHUYLFHVPRGH7KHUHVHDUFKUHVXOWE\$%DLUGLV
WKDWDSRUWLRQRIVKLSSHUVKDYHDZLOOLQJQHVVWRVZLWFKWUXFNPRGDOWRFRDVWDO
VKLSSLQJLQFDVHRIURDGFRQJHVWLRQHYHQLIFRDVWDOVKLSSLQJLVRSHUDWHGRQD
ZHHNO\RUELZHHNO\VHUYLFH7KHUHVXOWPHDQVWKDWÀH[LELOLW\LVDQLPSRUWDQW
IDFWRUIRUFKRRVLQJWKHPRGH
7KHUHVXOWDERXWWKHFRVWRIVHUYLFHIRUDIDFWRURIPRGDOVKLIW LVWKDWD
SHUFHQWGLVFRXQWLV LQVXI¿FLHQWWRWULJJHUVZLWFKLQJEHKDYLRXUWRFRDVWDOVHD
EXWDSHUFHQWGLVFRXQWLVEHWWHU/LNHZLVHDSHUFHQWSUHPLXPLVQRWD
GHWHUUHQWWRWKHFKRLFHRIFRDVWDOVKLSSLQJSUHPLXPSULFLQJIRUDEHWWHUWUDQVLW
WLPHPD\EHDFFHSWDEOH,QWKHVKLSSHU¶VYLHZVHDWUDQVSRUWDWLRQLVWKRXJKW
WREHRQHRI WUDQVSRUWDWLRQPRGHV7KHFKRLFHLVGHSHQGHQWRQWUDQVLW WLPH
VHUYLFHFRVWIUHTXHQF\RUUHOLDELOLW\IURPRULJLQWRGHVWLQDWLRQ
0DU\5%URRNV	-5LFKDUG+RGJVRQSS
0DU\5%URRNV	-5LFKDUG+RGJVRQSS
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7KHDLPRIWKLVSDSHULVWR¿QGWKHFRQGLWLRQVRIFKDQJLQJWKHPRGDOVKLIW
IURPURDGPRGHWRVKLSSLQJLQWKHFRDVWDODUHDRI52.XQGHUWKHFRQFHSWRI
0RELOHKDUERU0RELOHKDUERUKDVWKHGXDOIXQFWLRQRIVHDWUDQVSRUWDWLRQDQG
FRQWDLQHUKDQGOLQJDUPHGZLWKKLJKPHFKDQLFDODQGV\VWHPDWLFWHFKQRORJ\$V
SHUWKHWHFKQLFDOVSHFL¿FDWLRQRI0RELOHKDUERULWKDVGLIIHUHQWW\SHVLQWHUPV
RI/2$*7':7'UDIWDQGQXPEHUVRIFUDQHVRQERDUGUHIHUWR¿JXUH
,QDGGLWLRQPRELOHKDUERUKDVGLIIHUHQWIXQFWLRQVFRPSDUHGZLWKDFRQWDLQHU
IHHGHUYHVVHOEDUJHRUSRQWRRQ$VZHOONQRZQDFRQWDLQHUIHHGHUVKLSGRHV
QRWILWKHURZQFUDQHVRQERDUGDQGDEDUJHGRHVQRWKDYHKHUHQJLQHDQG
WKUXVWHUV+RZHYHUPRELOHKDUERUKDVRQERDUGFUDQHVDQGKHUHQJLQHIRU
WUDQVSRUWDWLRQ
)LJXUH!0RELOH+DUERU¶V7\SH
,QWHJUDWHGW\SH 6HSDUDWHG7\SH
,QRUGHU WR VROYH WKHSUREOHPD VFHQDULRRIFDVHVWXG\DQG IUDPHZRUN
IRUFRPSXWLQJWRWDOFRVW LV WREHGHVLJQHGLQFOXGLQJVHUYLFHFRVWDQGFDUJR
WLPHFRVW7KHVFHQDULRIRU0+RSHUDWLRQLVDVIROORZV$VVRRQDVDPRWKHU
VKLSDUULYHVDW WKHSRUWRI%XVDQPRELOHKDUERUVPRYH WRDQGEHUWKDWD
PRWKHUVKLSDQGGLVFKDUJHFDUJRHVZLWKWKHVHOIFUDQHRQWKHGHFNRIPRELOH
KDUERU7KLVDFWLYLW\IRUFROOHFWLQJFDUJRVIURPPRWKHUVKLSFRQWLQXHVXQWLO
ILOOLQJXSLWVFDSDFLW\ LH7(8$IWHUFRPSOHWLQJIXOO ORDGLQJDFWLYLW\
PRELOHKDUERUVOHDYHWKHSRUWRI%XVDQIRUWKHSRUWRI<HR6XDQGGLVFKDUJH
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FRQWDLQHUVDWFDOOLQJSRUWVDVSODQQHG$IWHUZDUGVGLVFKDUJHGFRQWDLQHUVDUH
ORDGHGRQWUXFNFKDVVLVIRU¿QDOGHVWLQDWLRQDWFRQVLJQHHGRRU
,QFRPSDULVRQ WR0+ WUDQVSRUWDWLRQ URDG WUDQVSRUWDWLRQ WUDFNVVLPSOH
SURFHVV$VVRRQDVPRWKHUVKLSEHUWKVDWFRQWDLQHUWHUPLQDOLH31&3XVDQ
1HZ&RQWDLQHU7HUPLQDOFRQWDLQHUVDUHGLVFKDUJHGRQWHUPLQDO\DUGDQG
ZDLWVIRUIUHHWLPHGD\VXQWLOFRQVLJQHH¶VGHOLYHU\UHTXHVW2QUHTXHVWRIWKH
FDUJRRZQHUWKH\DUHORDGHGRQWUXFNFKDVVLVRQHE\RQHIRU¿QDOGHVWLQDWLRQ
)LJXUH!6FHQDULRIRU0RGDO6KLIW

7KHUHVHDUFKFRQVLVWVRI OLWHUDWXUHUHYLHZGHPDQGHVWLPDWLRQDQG WUDQVLW
WLPHDQGFRVWRIWUDQVLWVHUYLFHDQGVXJJHVWLQJFRQFOXVLRQ
II. Literature Review
%RMDQ%HVNRYQLNKDVVWXGLHGWKHLPSRUWDQFHRIVKRUWVHDVKLSSLQJDQGVHD
PRWRUZD\VLQWKH(XURSHDQDQG6ORYHQLDWUDQVSRUWDWLRQSROLF\DQGSURYLGHG
LQVLJKW WKDW 666DQGPRWRUZD\VRIVHDDUH WKHDOWHUQDWLYH WRURDGDQGUDLO
WUDQVSRUWDWLRQ)XUWKHUVKLSSLQJWUDQVSRUWDWLRQDQGWKHPRWRUZD\RIVHDFDQ
KHOSWRUHGXFHFRQJHVWLRQDLUSROOXWLRQDQGHQHUJ\FRQVXPSWLRQLQ(XURSHDQ
%RMDQ%HVNLYQLFNSS
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URDGKDXODJH
$OIUHG%DLUGKDVVWXGLHG(80RWRUZD\VSROLF\LQWHUPVRI WRWDODPRXQW
RILQYHVWPHQWRIURDGWUDQVSRUWDWLRQDQGVHDWUDQVSRUWDWLRQ+LVDVVHUWLRQLV
WKDW WKHUHKDYHEHHQVXEVWDQWLDOSXEOLFVHFWRU LQYHVWPHQWV LQURDGZD\DQG
UDLOZD\LQIUDVWUXFWXUHIRUWKHODVWVHYHUDOGHFDGHV+RZHYHUWKHVHDZD\KDV
WHQGHGQRW WREHVXSSRUWHGWRDQ\ZKHUHQHDU WKHVDPHGHJUHHDQGLQPRVW
FDVHV WKHVHDZD\KDVEHHQ LJQRUHG LQSDUWGXH WR WKHPLVWDNHQDVVHUWLRQ
E\SROLF\PDNHUV WKDW WKH VHDZD\ UHSUHVHQWV VRPHNLQGRI IUHHKLJKZD\
7KHHYROYLQJ(86HD0RWRUZD\V3ROLF\ WRVRPHH[WHQW UHFRJQLVHV WKHVH
GLVWRUWLRQVDQGPHFKDQLVPVDUHQRZEHLQJSXW LQSODFH WRHQDEOHFRDVWDO
VKLSSLQJ WRGHYHORSPXFKIXUWKHU5HFRJQLWLRQ WKDWVKRUWFRDVWDOVKLSSLQJ
UHSUHVHQWV WKHRQO\UHDOKRSH LQKROGLQJEDFN WKHGUDPDWLFJURZWK LQURDG
IUHLJKW WUDQVSRUW WKURXJKRXW WKH(8 UHIOHFWV WKH IDFW WKDWSROLF\ LVQRZ
EHJLQQLQJWRPRYHYHU\SRVLWLYHO\LQIDYRXURIPDULWLPHLQWHUPRGDOWUDQVSRUW
VROXWLRQV 5HFHQW(8IXQGHG UHVHDUFKRQ WKH VXEMHFWRI VHDPRWRUZD\V
UHÀHFWVWKLVVKLIWDQGKLJKOLJKWVWKHLPSRUWDQWUROHRIWKH(8LQWKLVUHJDUG
ZKLOVWDQDO\VLVRIVHDPRWRUZD\V LQSUDFWLFHGHPRQVWUDWHV WKHVXEVWDQWLDO
PRGDO VKLIW WKDW FDQ EH DFKLHYHG E\ LQQRYDWLYH FDUULHUV VXSSRUWHG E\
DSSURSULDWHSROLFLHV
0DU\5%URRNV	-5LFKDUG+RGJVRQKDYHVWXGLHGVHDVKLSSLQJRQWKH
HDVWFRDVWRI1RUWK$PHULFD LQRUGHU WRILQGRSSRUWXQLWLHVDQGLVVXHV7KH
PDLQ¿QGLQJVIURPUHVHDUFKDUHDVIROORZV)LUVWWKHGHPDQGIRUWKHVHUYLFH
PXVWEH ODUJHHQRXJK WRVXSSRUWVHUYLFHGHYHORSPHQW(YHQ LI WKHPDUNHW
KDVHQRXJKGHPDQGWKHGLVWDQFHKDVWREHFRQVLGHUHGLQRUGHUWRRYHUFRPH
URDGKDXODJH,QWKHFDVHWKHGLVWDQFHWR0DLQHLVWRRVKRUWWRPDNHVKRUWVHD
FRPSHWLWLYHDJDLQVWWUXFN6HFRQGWKHVHUYLFHPXVWPHHWWKHUHTXLUHPHQWVRI
VKLSSHUV7KH\IRXQGWZRYHU\GLVWLQFWJURXSVWKRVHIRUZKRPWLPHWRPDUNHW
LVFULWLFDOHJVHDIRRGVKLSSHUVDQGWKRVHIRUZKRPDVORZHUVHUYLFHVKRUW
VHDRUWUXFNLVVWLOODFFHSWDEOH5HIHUULQJWRVKRUWVHDDPDMRULW\RIVKLSSHUV
KDYHD WLJKWGHOLYHU\ZLQGRZDQGVR WUDQVLW WLPH LV LPSRUWDQW$FFRUGLQJ
WRVLWHVXUYH\SHUFHQWRIWKHVKLSSHUVDUHXQOLNHO\WRVZLWFKWRVKRUWVHD
VKLSSLQJXQOHVV WUXFNLQJVHUYLFHGHWHULRUDWHVGUDVWLFDOO\ LW LV LQVWUXFWLYH WR
QRWHWKDWDPDMRULW\RIFRPSDQLHVUHSRUWHGURDGFRQJHVWLRQZLWKDERXWRQH
$OIUHG%DLUGSS
0DU\5%URRNV	-5LFKDUG+RGJVRQSS
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KDOIRIWKRVHLQGLFDWLQJLWWREHVHULRXVHQRXJKWRHQFRXUDJHWKHPWRFRQVLGHU
VZLWFKLQJWRVKRUWVHDVKLSSLQJ2QOHYHOVRISULFHGLVFRXQWLQJGRHVQRWQHHG
WREHDV ODUJHDV IRXQG LQ(XURSH7KHUHVHDUFK LQGLFDWHV WKDWDSSURSULDWH
SULFLQJFDQ LQGXFH WULDOHQFRXUDJHVZLWFKLQJDQG WKDW IRUVRPHVKLSSHUV
SUHPLXPSULFLQJIRUDEHWWHUWUDQVLWWLPHPD\EHDFFHSWDEOH
*RNVHO7HQHNHFLRJOXDQDO\]HGWKHIHDVLELOLW\WRSURGXFHPRUHDGYDQWDJHRXV
UHVXOWDQGSRVVLEOHHIIHFWRQ WUDQVSRUWDWLRQ LQ(XURSH7KH\GLVFXVVHGDQG
FRQFOXGHGWKHLQWHUPRGDO WUDQVSRUWDWLRQLV WKHZD\WRSUHYHQW WKHHPLVVLRQ
DQGFRQJHVWLRQWKDQDOOURDGDOWHUQDWLYHWUDQVSRUWDWLRQ&RQFOXVLYHO\WKHWKHVLV
VXPPDUL]HG WKHEHQHILWRI LQWHUPRGDO WUDQVSRUWDWLRQE\VKRUWVHDVKLSSLQJ
LQGXVWU\QRWRQO\UHGXFHWKHFRQJHVWLRQDQGSROOXWLRQEXWDOVRSURGXFHWKH
HFRQRPLFYDOXH WKDQE\ WKHURDG WUDQVSRUWDWLRQ ,Q WKHVHVVLRQ WKHUHDVRQ
IRUUHYLHZLQJWKHUHVHDUFKRQ666LV WKDW666FRQFHSW LVVLPLODU WR WKDWRI
0+LQWHUPVRIVHDWUDQVSRUWDWLRQDQGDOVRYDOXHRIVHDWUDQVSRUWDWLRQVXFK
DVHQYLURQPHQWDOPRGH ORZFRVWDQGVFDOHPRGHFDQEHVRXJKW7KURXJK
OLWHUDWXUHUHYLHZWKHFRQGLWLRQVIRURFFXUULQJPRGDOVKLIWLQJIURPURDGPRGH
WR0+PRGHFDQEHGUDZQIRUDWWDLQLQJWKHDLPRISDSHU
III. The Dimension of Mobile Harbor
$VWHFKQLFDOVSHFLILFDWLRQRI0+ WZR W\SHVZLWKGLIIHUHQW IXQFWLRQDQG
GLPHQVLRQDUHSUHSDUHGE\.$,67.RUHD$GYDQFHG ,QVWLWXWHRI6FLHQFH
7HFKQRORJ\ UHVHDUFK WHDP7KHILUVW W\SH LV LQWHJUDWHGHQWLW\RIKDQGOLQJ
DQG WUDQVSRUWDWLRQFDSDFLW\0+KDVaNWVRIGHVLJQHGVSHHG7(8
ODGHQFDSDFLW\PHWHUVGUDIWPHWHUV/2$PHWHUVEUHDGWKPRYHV
KDQGOLQJUDWHFDSDFLW\SHUKRXU
7KHRWKHUW\SHLVDVHSDUDWHGRQHRIFDUJRKDQGOLQJDQGWUDQVLWIXQFWLRQ)RU
WKHWUDQVLWRIFDUJRIHHGHUVKLSVDUHDYDLODEOHDWSRQWRRQRI0+OLNH)LJXUH
%W\SHRI0+KDVHLJKWFUDQHVRQERDUGaPHWHUV/2$DQGFDQ
EHRSHUDWHGZLWKDZRUNLQJFRQGLWLRQRIVHDVWDWHKDQGOHVPRYHVSHU
KRXUSHURQH0+:LWKWKHVSHFL¿FDWLRQWKHVWURQJSRLQWRI0+LVWRUHGXFH
SRUWWLPHRIWKHPRWKHUVKLSE\LPSOHPHQWLQJFURVVGRFNLQJKDQGOLQJV\VWHP
*RNVHO7HQHNHFLRJOXSS
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DORQJVLGH WKHPRWKHU VKLSRU IHHGHU VKLS)XUWKHUPRUHGXH WR WKHFUDQH
RQERDUG WKHEHUWKLQJSODFHZLOOEHH[SDQGHG LH0+LVDEOHWRDSSURDFK
JHQHUDOFDUJRKDQGOLQJEHUWKZLWKRXWGHGLFDWHGTXD\FUDQH$QRWKHUEHQH¿WRI
0+LVWRUHSODFHFRQWDLQHUURDGKDXODJHZLWK666'HVSLWH0+¶VVORZVSHHG
FRPSDUHG WRURDG WUXFN LWKDVDVOLJKWDGYDQWDJHRIGLVWDQFHZLWKLQVKRUW
UDQJH
7DEOH!'LPHQVLRQRI0RELOH+DUERUE\7\SH
7\SH ,QWHJUDWHG 6HSDUDWHG$W\SH0+ZLWK&UDQH %W\SH0+ZLWK&UDQH
6SHHG aNWV NWV n/a
'UDIW P P n/a
/2$ P P aP
0++HLJKWRI
)XOO&DSDFLW\ P P n/a
&DSDFLW\ 7(8 7(8 n/a
+DQGOLQJ&DSDFLW\ PRYHV+RXU
PRYHV
+RXU PRYHV+RXU
1XPEHURI&&   
IV. Methodology
2QSUHYLRXVOLWHUDWXUHVXUYH\PRGDOVKLIWLQJLVVLPSO\LQFXUUHGE\WUDQVLW
WLPHFRVWRIVHUYLFHDQGIUHTXHQF\9ROXPHHVWLPDWLRQE\FKRRVLQJPRGH
LV WKHIXQFWLRQRIGLIIHUHQFHRIXWLOLW\EHWZHHQ0+WUDQVSRUWDWLRQDQGRWKHU
PRGHVOLNHURDGUDLORUDLU7KHSUREDELOLW\WKDWDVKLSSHULQUHJLRQUVHOHFW
0+PRGHVFDQEHH[SUHVVHGDV
         
8LVWKH³XWLOLW\´DWWDFKHGWRVHOHFWLQJPRGHVE\VKLSSHULQUHJLRQUDQG
PLVWKHLQGH[RIPRGHVLQDWRWDORIQWUDQVLWPRGHV
6LPPH9HOGPDQ	(ZRXW%XFNPDQQSS
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&RQVLGHULQJWKHIDFWRUVWREHPHQWLRQHGIRUPRGDOVKLIWWKHXWLOLW\IXQFWLRQ
E\DSSO\LQJ WKH IRUPXODWLRQ LQWURGXFHGE\%ODXZHQVDQG9DQGH9RRUGH
ZKLFKFDQEHH[SDQGHGDV
         
ZKHUH
Dm LVWKHGXPP\YDULDEOHLQGLFDWLQJVSHFL¿FSUHIHUHQFHIRUFKRRVLQJPRGH
PMmLVWKHPRQHWDU\FRVWIRUWKHWUDQVLWVHOHFWLQJPRGHPTmLVWKHWLPHWR
FRPSOHWHWUDQVLWFKRRVLQJPRGHPIURPRULJLQWRGHVWLQDWLRQVn(x) LVWKHYDOXH
RIWLPHRIFDUJR
,QWKLVVWXG\WKHPRQHWDU\YDOXHRIWLPHLVFRPSXWHGE\,QYHQWRU\FDUU\LQJ
FRVWE\%DOORX
ZKLFKFDQEHH[SUHVVHGDV
Vn(x) Tm  1XPEHURI7(8,QWHUHVWSHUGD\&DUJRFRVWSHUFRQWDLQHU
7UDQVLWWLPH      
,Q RUGHU WR GUDZ FDUJR FRVW SHU FRQWDLQHU LW LV HIILFLHQW WR FROOHFW
UHSUHVHQWDWLYHSURGXFWVZKLFKFRQVLVWRIFRPSXWHU WRPRJUDSK\PDFKLQH
ZKLVN\DQGSRO\HWK\OHQHIURPSRSXODWLRQ(DFKSURGXFW UHSUHVHQWVKLJK
PLGGOHDQG ORZYDOXHJURXS$FFRUGLQJ WR.RUHD&XVWRPV6WDWLVWLFV IRU
WKUHH\HDUV WRWDOZHLJKWRIVDPSOHFDUJR LV WRQVDQG LWVSULFH LV
862QDYHUDJHOHYHOWKHSULFHSHUWRQLVFDOFXODWHGLQ86
DQGSULFHSHUFRQWDLQHULVDQHVWLPDWHG86LQDVVXPLQJ
WKDWWRQVLVHTXLYDOHQWWRDFRQWDLQHU8VLQJIRUPXODWKHWUDQVLWFRVWSHU
FRQWDLQHUSHUGD\LV86LQ\HDUO\FDUU\LQJLQWHUHVW
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7DEOH!:HLJKWDQGSULFHRILPSRUWDQGH[SRUWFDUJR
<HDU 3URGXFW&ODVV :HLJKWWRQ 3ULFH86WKRXVDQG

+LJK  
0LGGOH  
/RZ  

+LJK  
0LGGOH  
/RZ  

+LJK  
0LGGOH  
/RZ  
7RWDO  
,QRUGHUWR¿QGSDUDPHWHUVRIHTXDWLRQEDVHGRQWKHPXOWLSOHUHJUHVVLRQ
IRUPXODWLRQLGHQWLI\LQJWKHFRHI¿FLHQWLVQRWDQHDV\WDVNGXHWRVKRUWDJHRI
DFFXPXODWHGGDWDIRU\HDUVRUPRUH(YHQLI  WKHUHJUHVVLRQUHODWLRQVKLS
FDQQRWEHGHILQHG WRWDOFRVWRI VHUYLFHFDQEHFRPSXWHG LQ WKHVFRSHRI
UHJLRQ WRFRPSDUHXWLOLW\FRVWEHWZHHQ0+PRGHDQG WKHRWKHUPRGH LQ
FRPSHWLWLRQ7KDWPHDQVU rmRIDPRGHZLWKORZHUYDOXHRYHUWKHRWKHUPRGH
LQFRPSHWLWLRQLVVHOHFWHGE\DVKLSSHU
&RQFHSWXDOO\WRWDOFRVWZKLFKFRQVLVWVRIPRQHWDU\FRVWDQGFDUJRWLPHFRVW
FDQEHH[SUHVVHGDVTC rm DmMmVn(x)Tm'097[Q!
7KHGLDJUDPSURYLGHVLQVLJKWWRPDNHGHFLVLRQEHWZHHQ0+PRGHDQGURDG
PRGH
)LJXUH!'HFLVLRQYDULDEOHIRUPRGDOVKLIW
.RUHD&XVWRPV6HUYLFH
7RWDO&RVW
5RDG0RGH
0+0RGH
'LVWDQFHVSHHG
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V. Data Analysis
7RWDOFRVWFRQVLVWVRIVHUYLFHFRVWDQGFDUJRWLPHFRVW7KHIRUPHUFRQVLVWV
RIVKLSSLQJFRVWDQG LQODQG WUDQVSRUWDWLRQFRVW6KLSSLQJFRVWVFRQVLVWVRI
UXQQLQJFRVWDV IL[HGFRVWDQGEXQNHUFRVWDQGSRUWFKDUJHVDQGGXHVDV
YDULDEOHFRVW,QRUGHUWRPDNHDTXDQWLW\PRGHOIRUWRWDOFRVWYR\DJHURXWHV
IURPRULJLQSRUW WRGHVWLQDWLRQDUH VHWXS LQFRQVLGHULQJ URXWHGLVWDQFH
GHPDQGYROXPHDQGKLQWHUODQGLQGXVWU\,QWKHPRGHOWKHQXPEHURIYR\DJH
URXWHVLVGH¿QHGDVPDQGGDLO\UXQQLQJFRVWLVGH¿QHG+F7KHEXQNHUFRVW
SHU WRQ LVGHILQHG%FDQGGDLO\EXQNHUFRQVXPSWLRQ LQQDYLJDWLRQDQG LQ
SRUW LVGH¿QHG)PDQG)SHDFK1DYLJDWLRQWLPHDQGSRUW WLPHLQKRXUXQLW
LVGHILQHG7PDQG7S$FFRUGLQJWRWKHDERYHGHILQLWLRQGDLO\EXQNHUFRVW
LQQDYLJDWLRQ LVPRGHOOHG%F[ )P[7PDQGEXQNHUFRVW LQSRUW LV
PRGHOOHG%F[)S[7S'DLO\SRUWGXHVEHUWKLQJFKDUJHFDUJRKDQGOLQJ
FKDUJHDQGOLQHKDQGOLQJSHUYR\DJHDUHGH¿QHG3F0F&FDQG/F%DVHGRQ
DERYHGH¿QLWLRQGDLO\SRUWFKDUJHVSHUYR\DJHFDQEHPRGHOOHG3F0F
&F/F[7S
7DEOH!'HPDQG7DEOH%HWZHHQ2ULJLQWR'HVWLQDWLRQLQ.RUHD6RXUFH02/0
2ULJLQDQG'HVWLQDWLRQ 3RUWRI%XVDQ 3RUWRI*ZDQJ<DQJ 3RUWRI,QFKHRQ
)ORZ7(8 )ORZ7(8 )ORZ7(8
Seoul   
%XVDQ   
'DHJX   
Incheon   
*ZDQJMX   
'DHMRHQ   
8OVDQ   
*\HRQJJL   
*DQJZRQ   
&KXQJEXN   
&KXQJQDP   
&KXQJEXN   
&KXQJQDP   
*\HRQJEXN   
*\HRQJQDP   
Sum   
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,I WKUHH W\SHVRIFRVWZKLFKDUH UXQQLQJFRVWEXQNHUFRVWDQGSRUWGXHV
DUHVXPPHGDQGGLYLGHGE\0+FDSDFLW\*DQGDGG WUXFNLQJIHH WR ILQDO
GHVWLQDWLRQWRWDOVHUYLFHFRVWIRU666ZLOOEHFRPSXWHGLQXQLWRIDYR\DJHE\
HDFKURXWHDVSODQQHG%HIRUHFRPSXWLQJWKHWRWDOFRVWHQRXJKGHPDQGIRU
WUDQVSRUWLQJLVWREHJXDUDQWHHGXQGHUFRQGLWLRQWKDW0+KDVEHWWHUSRVLWLRQ
WKDQURDGPRGHIURPWKHVKLSSHU¶VVWDQGSRLQW$FFRUGLQJWRLQWHUQDOUHSRUW
RI0LQLVWU\RI/DQGDQG0DULWLPH$IIDLUVFRQWDLQHUYROXPHVEHWZHHQFLW\WR
FLW\LVDVIROORZVSHU\HDU1HZVKLSEXLOGLQJFRVWRI0RELOH+DUERURIZKLFK
VL]HLV7(8LVHVWLPDWHG860LOOLRQE\.RUHDQVKLSEXLOGHU7KHFRVW
LVWLPHVKLJKHUWKDQWKDWRIDIHHGHUVKLSLQHTXLYDOHQWVL]H7KHUXQQLQJFRVW
ZKLFKLVIL[HGUHJDUGOHVVRIYR\DJHFRQVLVWVRIVKLSGHSUHFLDWLRQFRVWVKLS
VWRUHFRVWOXEULFDWLQJFRVWZDWHUVXSSO\FRVWVKLSUHSDLUFRVWPDQQLQJFRVW
FDSLWDOFRVWDQGJHQHUDORYHUKHDGFRVW
7DEOH!0+¶V5XQQLQJ&RVW
0+6L]H7(8 
6KLS%XLOGLQJ&RVW86 
<HDUO\5XQQLQJ&RVW86 
'DLO\5XQQLQJ&RVW86 
9DULDEOHFRVWFRQVLVWVRISRUWGXHVDQGFKDUJHVDQGEXQNHUFRVWLQSRUWDQG
LQQDYLJDWLRQ$VPRELOHKDUERULVPDLQO\RSHUDWHGZLWKLQDKDUERURUEHWZHHQ
GRPHVWLFKDUERUSRUWGXHV0+RSHUDWRUZLOOSD\ IRURQO\0+EHUWKLQJ
FKDUJHDQGOLQHKDQGOLQJFKDUJHRFFXUVEXWLW LVDVVXPHGWKDWWKHFRQWDLQHU
KDQGOLQJFKDUJHZLOOEHIUHHGIRUXWLOL]LQJRZQIDFLOLW\
7DEOH!0+¶V3RUW'XHVDQG3RUW&KDUJH
0+6L]H7(8 
3RUW'XHV86 
%HUWKLQJ&KDUJH86 
/LQH+DQGOLQJ86 
&DUJR+DQGOLQJ 
7RWDORI3RUW'XHVDQG&KDUJHV86SHU9R\DJH 
1LJHO*DUGLQHUSSa
458
Modal Shifting from Road to Coastal Shipping Using a Mobile Harbor
,QFDOFXODWLRQRIEXQNHUFRVWQDYLJDWLRQDQGSRUW WLPHLV WREHHVWLPDWHG
EHFDXVHWKHVKLSHQJLQHFRQVXPHVWZRW\SHVRIEXQNHURLORIZKLFKFRVW LV
GLIIHUHQWLQQDYLJDWLRQRULQSRUW$VYR\DJHWLPHLVGHSHQGHQWRQWKHQXPEHU
RIHQWHULQJSRUWVDQGGLVWDQFHIURPRULJLQ WRGHVWLQDWLRQ WKHYR\DJHURXWH
LV WREHGHVLJQHGILUVWEHIRUHHVWLPDWLQJQDYLJDWLRQDQGSRUW WLPHVRI0+
DQGEXQNHUFRVW7HQURXWHVDUHGHYHORSHGLQFRQVLGHULQJWKHIUHTXHQF\RI
GHSDUWXUHURXQGWULSWLPHFDOOLQJSRUWVLQFOXVWHUDQGFDUJRGHPDQG%DVHG
RQEDVLFGDWD LQFOXGLQJNWVVSHHGDQGIXOOGHPDQGV WRWDOFRVWZKLFK
FRQVLVWVRI WUDQVLWFRVWDQGFDUJR WLPHFRVWSHU7(8FDQEHFRPSXWHGRQ
HDFKURXWHDV7DEOH6KXWWOHFRVWLVFRPSXWHGE\DYHUDJHYDOXHZKLFKKDV
EHHQLPSOHPHQWHGLQSRUWRI%XVDQDQGSRUWRI,QFKHRQ&DUJRWLPHFRVW LV
FRPSXWHGE\WKHIRUPXODWLRQRIHTXDWLRQZLWKFDUJRYDOXH
7DEOH!7RWDO&RVWRI0+RQ'HVLJQHG5RXWH
5RXWH
2ULJLQ
3RUW
%XVDQ
2QHZD\
'LVWDQFH
PLOH
6KLSSLQJ
&RVW
86
6KXWWOH
&RVW
86
7UDQVLW
FRVW
86
&DUJR7LPH
&RVW
86
7RWDO&RVW
RI0+
)LQDO3RUW
 0DVDQ      
 8OVDQ      
 7RQJ\HRQJ      
 3RKDQJ      
 *ZDQJ\DQJ      
 :DQGR      
 *XQVDQ      
 %RU\HRQJ      
 3\HRQJWDHN      
 Incheon      
,QFRPSDULVRQZLWK0+ WRWDOFRVWRI URDGPRGFDQEHGUDZQIURPUDWH
WDULIIZKLFK LVSXEOLVKHGE\.RUHD&DUJR7UDQVSRUWDWLRQ$VVRFLDWLRQDQG
GLVWDQFHWDEOHSURYLGHG7KHWRWDOFRVWLVVKRZQRQ7DEOH
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
2Q WKH UHVXOW RI DQDO\VLV LW LV SRVVLEOH WRJHWPHDQLQJIXO LQVLJKWVE\
FKDQJLQJ WKHGHFLVLRQYDULDEOH7KHFULWHULDRI URXWHGLVWDQFHIURPZKLFK
PRGDOVKLIWRFFXUV LQ.RUHDFRDVWDOVHDGHSHQGVRQVKLSVSHHG $VVKRZQ
RQ7DEOHSRUWRI8OVDQ LVH[FOXGHGIURPREMHFWRIPRGDOVKLIWEHFDXVH
WRWDOFRVWRI0+PRGHLVKLJKHU WKDQWKDWRIURDGPRGH(YHQWKRXJKSRUW
RI0DVDQDQGSRUWRI3RKDQJVKRZOHVV WRWDOFRVW WKDQ WKDWRIURDGPRGH
PRGDOVKLIWFDQQRWKDSSHQGXHWRVPDOOGLIIHUHQFHRIWRWDOFRVW,IWKHMRXUQH\
GLVWDQFHLVPRUHWKDWQDXWLFDOPLOHVSRVVLELOLW\RIPRGDOVKLIWLVH[SHFWHG
)LJXUH!0RGDO6KLIW3RWHQWLDORQNWV

%XWLIWKH0+VSHHGLVLQFUHDVHGWRNWVWKHUHVXOWVHHPVWREHVLPLODUWR
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VI. Conclusion
7KH DLPRI WKH SDSHU LV WR ILQG SRWHQWLDO IRUPRGDO VKLIW IURP URDG
WUDQVSRUWDWLRQ WRPRELOHKDUERU WUDQVSRUWDWLRQ7RDWWDLQ WKHREMHFWLYH
LW LV UHTXLUHG WRGHVLJQ WKH0+¶V URXWH HVWLPDWHGHPDQG IURPRULJLQ WR
GHVWLQDWLRQE\GDLO\EDVLVDQGFRVWPRGHO IRUFRVWFDOFXODWLRQRI0+DQG
URDGWUDQVSRUWDWLRQ7KHFRVWFRPSRQHQWVFRQVLVWRIWUDQVLWFRVWSRUWGXHVDQG
FKDUJHVDQGVKXWWOHFKDUJHIURPGRRUWRSRUWVLGH(VSHFLDOO\WLPHFRVWZKLFK
PHDQVWKHFDUJRFRVWDFFUXHGE\WUDQVLWWLPHVSHQGLQJKDVWREHFRQVLGHUHGLQ
WKHFRVWPRGHOIRUVWULFWFRPSDULVRQZLWKURDGWUDQVSRUWDWLRQ$OWKRXJKVSHHG
IUHTXHQF\SULFHDQGGLVWDQFHDUHFRQVLGHUHGDVGHFLVLRQIDFWRUVIRUPRGDO
VKLIWGLVWDQFHDQGVSHHGLVFRQVLGHUHGWREHHQGRJHQRXVYDULDEOHIDFWRUZKLOH
SULFHDQGIUHTXHQF\DUHFRQVLGHUHGWREHH[WHUQDOIDFWRUV
$VD UHVXOWQDXWLFDOPLOHV LVDGHFLVLYHSRLQW WRZLQ WKHURDGPRGH
UHJDUGOHVVRI VKLS¶V VSHHG ,IGLVWDQFH LVPRUH WKDQQDXWLFDOPLOHV
PRELOHKDUERUKDV WKHFRPSHWLWLYHDGYDQWDJH LQSXOOLQJFDUJR IURPURDG
WUDQVSRUWDWLRQPRGH(YHQ WKRXJK WKH UHVXOWRIDQDO\VLVVKRZVDSRVLWLYH
VLJQDOIRUPRGDOVKLIW WKHUHDOVLWXDWLRQGRHVQRWJR WKDWZD\7KDWPHDQV
PRGDOVKLIWKDVVHYHUDODWWULEXWHVDSSOLFDEOHWRWKHUHDOZRUOG(YHQWKRXJKWKH
PRELOHKDUERUKDVVHYHUDOWUDLWVLQPRGDOVKLIWLQJEDGZHDWKHULVH[SHFWHGWR
LPSDFWWKHQHJDWLYHHIIHFWLYHQHVVRQPRGDOVKLIWLQJ$PRELOHKDUERULVDEOH
WRJRDORQJVLGHWKHPRWKHUYHVVHORQWKHFRQGLWLRQRIVHDVWDWHWKUHHRUWKDW
PD[LPXPZDYHKHLJKW LVaPHWHUV  ,QEDGZHDWKHUFRQGLWLRQV WUXFNLQJ
FDUJRWUDQVLWZRXOGEHSUHIHUUHGWRWKDWRIPRELOHKDUERU
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